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Abstract
The LHCb Muon System is made up by more than 1300 chambers of 20 different types, resulting in
more than 120k readout channels. In order to guarantee high-quality performance during the experi-
ment it is of crucial importance to get a complete knowledge of the fully equipped detector functional-
ities. A complete test system was built and a C++ ROOT software was developed to allow carring out
a variety of studies on the many LHCb Muon chambers. Such system provides full control of the front-
end, the high-voltage and the acquisition electronics and makes available a number of procedures to
study the chambers’ performance. It was used for studies and a quality control on the chambers before
and during the final positioning on the detector. In this note an overview of the hardware setup and
of the software will be given. Results of measurements related to front-end channels characteristics
will be presented.
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1 Introduction
The LHCb Muon Detector [1] is equipped with different types of MWPC and with Triple GEM De-
tectors. In total the are 19 types of MWPC with different granularity and thus difference detector ca-
pacitance at the input of the front-end electronics. According to the chamber position the signals can
be readout on anode-wires (negative polarity), cathode-pads (positive polarity) or both. In evaluating
the detector performance all those differences must be taken into account.
This document presents a system developed to perform a quality control of all the LHCb Muon cham-
bers. It offers full control of the front-end features and many measurement procedures to study front-
end response as a function of the high-voltage, threshold, auto-injection, output signal delay and
shaping and noise.
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2 Electronics Setup and Software
The acquisition system is made by a computer that manages a Service Board [2] via a CAN controller
interface device, a CAEN high-voltage module via TCP/IP protocol and at least one 6U-VME ACQ
board [3] acquired via a CAEN USB-VME. The building block diagram is shown in Figure 1. This





























Figure 1 Building block of the chamber control and acquisition system.
2.1 Chamber Control System
In order to read and write front-end registers a SB is used, that accesses the front-end electronics via
a LVDS-based I2C protocol and is accessible via a CANopen communication protocol. The system is
compatible with two CAN controllers produced by two different companies: Kvaser [4] and Systec [5]
having similar characteristics.
Figure 2 (right) shows the panel used to visualize the CANopen messages. This panel permits to keep
track and to monitor the PC-SB communication. When the system is initialized the Front-end List
(on the top-right of the panel) is filled up with the addresses of the FEBs connected to the control
electronics. Figure 2 shows the software panel used to read and write the main front-end parameters:
thresholds, masks, counters, logical combinations, signal delays and widths. From this same panel it
is possible to call many other panels (explained later in this note) and a set of procedures as numbered
below:
1 DLL calibration - It allows to calibrate front-end time cell unit (used to define the signal
delay and shape) according to the clock signal sent by the SB (usually 40 MHz, which
gives a step of 1.6 ns for the delay and a step of 3.4 ns for the shape registers).
2 Threshold Scan - A procedure used to measure the noise rate as a function of the threshold
on every FE channel in order to determine the output offset of each CARIOCA channel. It
will be described in section 3.2.
3 Noise rate checking - It gives the possibility of checking the noise rate present on the FE
channels at a fixed threshold by using internal and/or external counters using the features
described in section (3.4).
4 Auto-injection - By exploiting the injection procedure on the selected FEB and by reading
its internal counters it is possible to evaluate the presence of dead channels. The same test
can be applied to the entire chamber, using also the external readout through the ACQ
boards (see section 3.4).
5 Cosmic rays acquisition - By controlling the front-end boards, external counters and the HV
device a cosmic rays acquisition can be performed (explained in detail in sections 3.4 and
3.5).
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Figure 2 Main software panel with visualization of CANopen messages.
Access to the full set of front-end registers is possible opening the front-end panel shown in Figure 3.
Figure 3 Front-end electronics access panel.
2.2 Chamber Readout System
The readout electronics is based on a VME module named ACQ [3]. Such a board is used as an external
scaler and is able to acquire the standard LVDS chamber output signals. The gate time can have a value
between 25 ns and 107 s with an step of 25 ns.
Figure 4 shows the software panel used to configure and test the ACQ board. The program can handle
up to 8 ACQ boards that can acquire up to 8 FEBs when the single OR combination is used.
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Figure 4 Acquisition electronics configuration and control panel.
2.3 High-Voltage Control
The following CAEN high voltage supply devices can be controlled via TCP/IP by our test system:
SY1527, SY2527LC and SY2527 [6]. Figure 5 shows the software panel used to configure the HV sup-
plies for the chambers. The chambers under test must be selected and identified: type, logical combi-
nation and identification name. The program allows 3 different run modes: fixed HV, HV scanning on
a single and on both bi-gaps. More details can be found in section 3.5.
Figure 5 High-voltage scanning rate and current resulting curves.
3 Implemented Measurement Procedures
The measurement procedures implemented by means of C++ and ROOT software are presented in
this section. The main procedures are: injection test, threshold scan (offset and ENC measurements),
noise rate at operational threshold, cosmic acquisition and high-voltage scan.
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3.1 Injection Test
This procedure was developed to check the connection between the chamber channels to the external
counters. It is done by using the auto-injection front-end feature. All the thresholds are set far from the
noise region and the output signals are readout by both the internal and the external counters. Figure
7 shows a successfully test: the acquisition is running while all the FE channels are being injected.
Figure 6 Example of a successfully injection test at 1 kHz.
3.2 Threshold Scan (equivalent-noise-charge and offset)
Offset and ENC can be measured by acquiring and analyzing the noise rate versus threshold curve.
Figure 7 shows the the data acquired for a single front-end board.
Threshold (DIALOG register)




























































































































































































































































































































Figure 7 Threshold scan panel showing the noise rate as a function of the threshold in fC for a
complete front-end board (16 channels).
The offset is measured by identifying the peak of such a curve. Since this value can vary as much as
10 fC (see Section 4.1), this measurement is essential to calibrate and minimize the error for threshold
setting.
The ENC measurement method consists on a gaussian fit to the noise rate versus threshold curve. It
allows to extract both the signal offset value and the noise value. Defining fn0 as the zero threshold
crossing rate (the circuit maximum rate), the noise rate fn as a function of the thresholdQth to noise σn
ratio can be described by Equation 1. This equation represents the combined probability function for
gaussian time and amplitude distributions [10]. Equation 1 (right) permits to calculate the maximum
noise rate fn0 in terms of cutoff frequencies bandwidth parameters (f1 and f2) [11].









f2 − f1 (1)
The software applies also a linear ENC-Cdet conversion to estimate the chamber capacitance (for more
details see [9]). Figure 8 shows the results of the measurement of a M5R4 chamber for capacitance.
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Figure 8 ENC measurement and capacitance estimation of a full-equipped M5R4 chamber (48 chan-
nels).
3.3 Noise Rate at Operational Threshold
After the threshold scan, the threshold can be set to a well known charge value. By reading out the
dialog internal counters, it is possible to measure the noise rate level of every physical channel. The
acquisition time can be programmed and the calculated mean and RMS are given at the end of each
acquisition.
3.4 Cosmic Acquisition
A specific test procedure has been developed to study the chamber efficiency with cosmic rays. In
order to reduce the background level the corresponding physical channels of the two bigaps are set
in logical AND (see schematic of Figure 9) . Such a setup permits to evaluate the performance of each
single logical channel and to analyze the chamber’s response uniformity for a given high-voltage and
threshold values. The acquisition time can be programmed and the calculated mean and RMS are
given at the end of each acquisition.
HV
Front-end Board



























      4Mean y 
      4
RMS x   2.291
RMS y   2.291
Figure 9 Scheme of a quadrigap MWPC with wire readout; for triggering on cosmic rays a configu-
ration in AND between bigaps is used. At right it is shown the resulting distribution normalized to its
mean value (4714 ± 165) of a cosmic acquisition run for a M3R1 chamber (sensitive area: 332x273
mm2)
3.5 High-Voltage Scan
A software procedure has been implemented to perform a HV scan. The procedure fixes the HV of a
bigap while scanning the HV value of the other. The counting rate and currents for each HV value are
acquired. It is possible to measure the HV value where the chamber achieve the plateau, to compare
the performance of the two bigaps and to monitor the current of each HV channel.
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Figure 10 Counting and current measurements for a M5R4 chamber under at HV scan procedure
(in this example the current of gap AB is clearly out of specifications). The acquisition time for each
data-point was of 480 seconds.
4 Measurements Related to Noise and Threshold
Many of the readout electronics characteristics can be influenced by the low and high voltage supply
values. An optimum value for the low-voltage level should be chosen and the influence of the high
voltage must be evaluated in order to correctly configure the detector and to understand its operation.
4.1 Offset
The noise rate changes exponentially with the threshold and thus a small change on the threshold
versus noise picture can create a noisy detector condition. The measurement of the offset parameter
stability gives the possibility to estimate how much the detector noise rate can vary with time. Fig-
ure 11 shows, on the left, the CARIOCA offset distribution in DIALOG registers for different set of
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Figure 11 At left it is shown the front-end channels offset distribution (18800 channels). Those
measurements were taken with the following chamber’s types: M5R4, M5R3 and M3R3. The solid line
histogram shows the sum of all measurements. The found RMS is equal to 6.054 registers reaching a
value of about 2 fC for the M5R4 type chambers. At the right the offset difference between consecutive
measurements it is shown which indicates the resolution related to this parameter.
4.1.1 Variations with low-voltage
The influence of the low voltage supply level on the front-end electronics was evaluated. Figure 12
shows that a variation of 0.05 V is enough to shift the front-end baseline of about 2 DAC registers (4.7
mV) for values below 3.2 V. Above 3.3 V the offset value reaches a plateau.
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Supply Voltage (V)


















Figure 12 Offset difference between measurement with low voltage of 2.9 V and values from 3.0 to
3.8 V.
4.1.2 Variations according to high-voltage
For a proper threshold setting, the offset value should not depends on the HV supply level. This
fact would also justify the use of the offset measurement independently of the HV level to be used
during acquisition. The plots of Figure 13 shows that the the observed variations of the offset value
for different high voltage levels are related to the measurement resolution.
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Figure 13 Offset difference between measurement with HV off and the following HV values: 2300,
2500 and 2700 Volts.
4.2 Equivalent Noise Charge
4.2.1 Variations according to low-voltage
Figure 15 shows that once the low voltage working point is reached (around 3.3 V) the measured ENC
value suffers no major variations.
Supply Voltage (V)









Figure 14 ENC measurement for different low-voltage values.
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4.2.2 Variations according to high-voltage
Figures 15 and 16 show that both the cathode-readout and the anode readout chambers have an ENC
value independent on the high voltage level.
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Figure 15 ENC measurement for different high-voltage values for a cathode-readout chamber.
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Figure 16 ENC measurement for different high-voltage values for an anode-readout chamber.
4.3 Noise Rate at Operational Threshold
4.3.1 Variations according to low-voltage
Low voltage values below 3.3 Volts causes a shift on the noise versus threshold distribution and thus
a change of the noise distribution for the same nominal threshold. Figure 17 shows the difference of
the average value of the noise distributions for different low voltage level. For values higher than 3.3
Volts no changes were detected.
Supply Voltage (V)




















Figure 17 Noise rate difference using a M5R3 chamber with a nominal threshold of 7 fC measured
for different low voltage values from 3.1 to 3.8 Volts (the last one used as reference).
4.3.2 Variations according to high-voltage
The presence of some HV induced noise was studied on both the cathode and anode readout chamber
by measuring the noise level for different high voltage values. Figures 18 19 show that the average
noise level is independent from the high voltage conditions.
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Figure 18 Noise rate difference histograms between measurements with HV off and at 2500 V and
2700 V for a cathode readout chamber.
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Figure 19 Noise rate difference histograms for a anode-readout chamber between measurements
with HV off and 2500 and 2700 Volts.
5 Conclusion
This document has presented an acquisition system developed to permit detailed studies of full-
equipped chambers of the LHCb Muon Detector. With this system it is possible to have full access
to the electronics features. Several procedures were implemented for chambers’ performance study
and quality control: all the LHCb Muon chambers have been evaluated by this system before and
after being mounted to the detector. By means of this tool the stability of the front-end electronics
behavior for different low and high voltage levels was studied in detail and the results found are very
encouraging.
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